ABSTRACT : An in vitro study was carried out to investigate the differences in rumen microbes and fiber degradation capacity between sheep and goats. Three local male sheep and three Inner Mongolia male cashmere goats (aged 1.5 to 2 years; weight 25.0 to 32.0 kg) were each fitted with a permanent rumen cannula used to provide rumen fluid. Cycloheximide was used to eliminate rumen anaerobic fungi. The results showed that the quantities of fungal zoospores in the culture fluid of the control group were significantly greater in the sheep than in the goats; however, bacteria and protozoa counts were significantly higher in goats than in sheep. The digestibility of straw dry matter did not differ significantly between the two species before elimination of fungi, but tended to be higher for sheep (55.4%) than for goats (53.3%). The results also indicated that bacteria counts increased significantly after elimination of anaerobic fungi; however, the digestibility of straw dry matter significantly decreased by 12.1% and 8.6% for sheep and goats respectively. This indicated that the anaerobic fungi of the rumen played an important role in degradation of fiber.
INTRODUCTION
Comparative studies have shown differences between ruminant species in the utilization of roughage diets, most likely related to differences in their feeding behaviour and digestive processes (Dulphy et al., 1995) . These differences may represent distinct feeding strategies resulting from survival adaptations in their characteristic natural environment. Sheep and goats are the most common ruminant species in China. Previous studies have reported differences between the two species regarding their voluntary intake of forages (Dulphy et al., 1994; Hadjigeorgiou et al., 2001) , diet selection, fractional passage rate (Huston et al., 1986; Yanez Ruiz et al., 2004) and digestibility coefficients of forage (Domingue et al., 1991; Ramanzin et al., 1997) . Microbial digestion of cellulose and other plant fiber components is essential to the utilization of natural diets by ruminant animals. It has been reported that fungi specifically colonize fibrous plant fragments in the rumen, and the apparent magnitude of their population suggests that they have a role in fiber digestion as initial colonizers in lignocellulose breakdown (Bauchop, 1981) . Fazaeli et al., (2004) used five species of Pleurotus fungi (coded P-21, P-30, P-41, P-60 and P-90) to incubate soaked and pasteurised wheat straw. Their results indicated that fungal treatment significantly (p<0.05) increased the crude protein (CP) and reduced the cell wall components of the straw. In addition, other investigators showed that degradation of wheat straw DM significantly declined when cycloheximide (150 mg/L) was used to eliminate anaerobic fungi (Hillaire and Jouany, 1990) . Anaerobic fungi have been extensively reviewed and studied, but their population and fiber digestion capacity in different ruminant species still remains unclear. So a fungal elimination method was used in our study to investigate the impact of in vitro anaerobic fungal elimination on bacteria and protozoa counts and degradation of straw dry matter in sheep and goats.
MATERIALS AND METHODS

Animals and diet
Three healthy local male sheep and three male cashmere goats were used as donor animals for rumen liquid. All animals were between 1.5 and 2 years old when the experiment started. Average live weight of the animals was between 25 and 32 kg. Each animal was fitted with a permanent rumen cannula. The animals were housed in individual pens and had free access to water and mineral blocks. The experimental diet was composed of hay and concentrate (forage:concentrate ratio 70:30). The feeding level of all animals was 1.2 times maintenance requirement. The diet was offered in two equal meals daily, at 07:00 and 19:00, throughout the experimental period.
Inoculum preparation
One day prior to the experiment, 400 mg straw and different doses of cycloheximide were administered to culture flasks fitted with rubber sleeves. On the following day equal amounts of rumen digesta were collected from the three sheep and the three goats 2hr after feeding at 07:00. Rumen digesta of the same species was put into a thermos which was prewarmed (39°C) and filled with CO 2 . After returning to the lab, the digesta of each species was homogenized and then filtered through two layers of cheese cloth into a beaker. Immediately, 20 ml filtrate together with 40 ml buffer solution was added to culture flasks, and then the flasks were held at 39°C in a water bath. The buffer solution described by Chen and Russell (1988) was used with omission of the vitamins.
Enumeration methods
The fungal zoospores and the bacterial colonies were enumerated by the Hungate roll tube technique (Joblin, 1981) . 1600IU/ml of antibiotics was injected into the fungal medium when the fungi were enumerated. Protozoa were counted in culture fluid dyed by methylgreen formalin salt (MFS) under a light microscope.
Design of the experiment
This experiment comprised two trials and the design is shown in Table 1 .
Trial 1 : The aim of Trial 1 was to study the minimal doses of cycloheximide needed to eliminate anaerobic fungi after the shortest incubation period in sheep and goats. According to different doses of cycloheximide, four groups were generated (C: 0.00 mg/ml; L: 0.15 mg/ml; 11 M: 0.25 mg/ml and H:0.50 mg/ml, C, L, M and H represent the control, the low dose, the medium dose and the high dose group, respectively). Each group had three replicates. Fungal zoospores in each group were counted by the Hungate roll tube technique after 0, 2, 4, 6, 12, 24, 48 and 72 h incubation periods, and straw dry matter degradation was measured after 72 h incubation.
Trial 2 : The aim of Trial 2 was to study the effect of anaerobic fungal elimination on bacteria and protozoa counts in sheep and goats. The best cycloheximide dose (M: 0.25 mg/ml) established in Trial 1 was used. The quantities of bacteria and protozoa were measured after 0, 2, 4, 6, 12, 24, 48 and 72 h incubation periods in each species.
Statistical analyses
Statistical analyses were carried out by ANOVA procedures of the Statistical Analysis Systems Institute. A randomized block design was applied. The means were analyzed for significant differences by variance analysis. Where significant differences were found, Duncan's multiple range test (p<0.05) was used to separate the means. All data were expressed as the mean±SD.
RESULTS
Trial 1
The effect of different cycloheximide dose on fungal zoospore counts is shown in Table 2 . During the incubation period, the quantities of fungal zoospores of sheep were significantly greater than of goats in treatment C, except at 0 h and 24 h. Table 2 shows that for each species there was a significant difference between the 0 h counts of fungal zoospores for treatments, and the number of fungal zoospores was greater in treatment C. As the level of cycloheximide increased, the number of fungi gradually declined in both species. When the cycloheximide dose reached 0.25 mg/ml (treatment M), fungal zoospores in culture fluid of both sheep and goat significantly decreased after the 2 h incubation period, as compared with treatment C. Therefore 0.25 mg/ml was selected as the most suitable supplement dose in the following experiment.
As shown in Table 3 , there were significant (p<0.05) differences between cycloheximide levels in straw DM degradation which was greater in treatment C than in treatments L, M and H. There were no significant (p>0.05) differences between the two animal species in the straw DM degradation, but it tended to be higher for sheep than for goats in treatment C.
Trial 2
The number of bacterial colonies after 0, 2, 4, 6, 12, 24, 48 and 72h incubation periods is shown in Table 4 . After elimination of fungi, the quantities of bacteria increased and the differences between treatments reached statistical significance (p<0.05) after 2, 6, 24, 72 h and 0 and 6 h of incubation for sheep and goats, respectively. From Table 4 it can also be seen that bacterial counts for goats were much higher than for sheep during the first 12h of incubation for both treatments C and M. However, after a 24 to 72 h incubation period, the bacterial counts markedly declined in both species, this decline rate was significantly faster for goats than for sheep (p<0.05).
Protozoa counts during the 72 h incubation period are shown in Table 5 . There were no significant differences between treatments in protozoa counts (average values of the whole incubation period) within each species (p>0.05), although protozoa counts of sheep tended to be greater for treatment M than for C. Protozoa counts (average values) of goats were significantly greater than of sheep for treatment C (p<0.05). No significant differences between species in protozoa counts were found for treatment M.
DISCUSSION
Comparative studies have shown that there were differences between sheep and goats in the utilization of roughage diets. Ramanzin et al. (1997) reported that with little possibility to choose dietary components, goats, as compared with sheep, showed lower food intakes, shorter rumen retention time and lower fiber apparent digestibility. Bauchop (1979) observed that quantities of fungal zoospores decreased when diets mainly comprised of leaves were offered; due to the rapid outflow rates of the diets there was not sufficient time for fungi to adhere to plant tissue and to reproduce. In trial 1, enumeration of fungal zoospores was greater for sheep than for goats for the following two reasons: First, goats have faster gastrointestinal tract outflow rates than sheep (Huston, 1978; Ramanzin et al., 1997) , which resulted in a shorter time for fungal adherance to plant tissue and reproduction and, consequently, lower counts of fungal zoospores. Second, the feeding behavior between sheep and goats may be different; goats select the more digestible and perhaps more palatable fractions of diets (Morand-Fehr et al., 1991) which results in lower fiber intakes, thus the conditions were not beneficial to fungal growth and reproduction (Bauchop, 1979; Akin and Rigsby, 1987) . As shown in Table 2 , there was a significant difference in the 0 h counts of fungal zoospores between treatments in each species. This may be caused by addition of cycloheximide.
As described in inoculum preparation, cycloheximide had been administered to the culture flask before incubation. When the filtrate of rumen digesta was added to the flask, cycloheximide began to exert its function on fungal elimination, and because of the high efficiency of cycloheximide, 0 h counts of fungal zoospores in treatments L, M and H decreased significantly as compared with the control group. Ramanzin et al. (1997) observed that when forage: concentrate ratio was 90:10, apparent OM digestibility was higher for sheep than for goats (0.61 vs. 0.55) ; Huston, (1978) found dietary DM digestibility was 50% and 45% for sheep and goats respectively. The results of the present study indicated that straw DM digestibility in vitro was higher for sheep than for goats (55% vs. 53%). These results are consistent with the above studies; they may be attributed to differences between sheep and goats in rumen microflora, rumen pool and rumen fractional outflow rate. As shown in Table 3 , straw DM digestibility markedly declined (declined by 12.1% and 8.6% for sheep and goats respectively) after elimination of fungi. Hillaire and Jouany (1990) reported that wheat straw DM degradation declined by 15% when cychloheximide (150 mg/L) was applied to eliminate anaerobic fungi in a semi-continuous culture system. A similar experiment was also conducted by Mao (2001) ; in his study fungi in goats were eliminated by the methods of Ford et al. (1987) and resulted in straw DM degradation declining from 38.9% to 28.9% after a 48 h incubation. Fungi can colonize sclerenchyma and penetrate into cell walls by rhizoids; as a result plant tissues are weakened by this process and are more easily reduced in particle size or made more fragile (Akin et al., 1983) . In the present study, the process of bacteria adhering to plant tissues was probably influenced when rumen fungi were absent (treatments L, M and H), and thus straw DM digestibility after 72 h on these three treatments markedly declined. In addition, previous studies indicated that rumen fungi produced a series of hydrolytic enzymes, including the cellulases, hemicellulases, pectinases and phenolic acid esterases (Ho and Abdullah, 1999) , and they were particularly proficient in producing xylanases (Akin et al., 1990) . These enzymes enable fungi to invade and degrade the lignocellulosic plant tissues. After the elimination of fungi, straw DM digestibility declined because of the lack of these high activity enzymes.
Previous studies have shown that repression exists in co-culture of anaerobic fungi with cellulolytic bacteria (Richardson et al., 1986) . As straw was used as the fermentation substrate in this investigation, cellulolytic bacteria were the major type of bacteria in the culture fluid. The repression between fungi and cellulolytic bacteria was nonexistant after the removal of fungi, therefore the number of bacteria increased rapidly for treatment M in both sheep and goats. As shown in Table 4 , the bacteria counts were greater for goats than for sheep during the first 12 h of incubation. This difference was possibly due to the stronger repression of fungi on bacteria in the culture fluid of sheep than of goats. In addition, this difference may be attributed to feeding behaviour. Goats are more selective and their diets were greater in net energy and protein than the feed offered (Huston, 1978) , which results in a more favorable rumen environment for bacterial growth. However, from 24 h to 72 h of incubation, the accumulation of fermentation end-products may have affected bacterial growth (Pirt, 1975) , and thus bacterial counts declined rapidly for both sheep and goats.
Until now there is no direct evidence that fungal zoospores are ingested by rumen protozoa, but there are studies showing that fungal zoospore counts increase several fold after elimination of protozoa (Orpin, 1977) . Bird and Leng (1985) reported when the diet of sheep was high in fiber and low in protein, the interaction of rumen fungi with bacteria was antagonistic and the removal of protozoa increased the fungal populations two to five times.
In this study, protozoal counts (average values) were greater for goats than for sheep, because a large number of bacteria in the culture fluid of goats served as an important nitrogen source for protozoa and promoted protozoal growth. As shown in Table 5 , there were no significant differences between treatments C and M in protozoal counts after the fungal elimination. Jouany (1989) concluded that the number of zoospores present was not affected by protozoa, and in vitro studies have indicated that protozoa may prey on fungi (Alan G. and Williams, 1994) . Conflicting results have also been found in other studies (Orpin, 1977) . Therefore the relationship between fungi and protozoa is still unclear and further research is required in the future.
